Abstract--Total ionizing dose and displacement damage testing is performed to characterize and determine the suitability of candidate electronics for NASA spacecraft and program use.
complete device failure and therefore threaten the overall mission. By characterizing and evaluating these devices through various types of testing, failure modes are better understood, and it becomes possible to determine the best method of mitigation to reduce the overall risk posed to mission success.
We provide recent TID and DD testing results for candidate electronics for various NASA missions and programs performed by the NASA Goddard Space Flight Center's Radiation Effects and Analysis Group (REAG).
A companion REAG paper detailing recent SEE test results has also been submitted to the 2015 IEEE NSREC Radiation Effects Data Workshop, titled: "Compendium of Current Single Event Effects for Candidate Spacecraft Electronics for NASA" by M. O'Bryan, et al. [1] .
II. TEST TECHNIQUES AND SETUP
A. Test Source -TID TID testing was performed using a high energy gamma ray source. Dose rates used for testing were between 0.05 and 18 rad(Si)/s.
B. Test Source -Proton
Proton DD/TID tests were performed at the University of California at Davis (UCD) Crocker Nuclear Laboratory (CNL) using a 76" cyclotron (maximum energy of 64 MeV). Table I lists the proton damage test facilities and energies used on the devices. Unless otherwise noted, all tests were performed at room temperature and with nominal power supply voltages. 
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Operational
Amplifier Bipolar JML Input bias current out of spec between 9.2 krad(Si) and 12 krad(Si).
All other parameters remained within specification up to the maximum dose of 21.9 krad(Si). IV. TEST RESULTS AND DISCUSSION As in our past workshop compendia of GSFC test results, each device under test has a detailed test report available online at http://radhome.gsfc.nasa.gov [2] and at http://nepp.nasa.gov [3] describing in further detail the test method, conditions and monitored parameters, and test results. This section contains a summary of testing performed on a selection of featured parts.
A. MAX367/Signal-Line Circuit Protector/Maxim Semiconductor
The MAX367 is a CMOS signal line protector from Maxim Semiconductor. The device consists of 8 twoterminal paths intended to guard sensitive electronics against overvoltage and overcurrent when placed in series with them. Four parts were irradiated biased at 12 V and five parts were irradiated with all pins grounded at dose rates from 5-10 rad(Si)/s. All parts passed all parametric and functional measurements up to 2 krad(Si). At the 3 krad(Si) dose step, the biased parts exceeded the device specification for analog path resistance match (R AP ) (10 Ω), with average resistance equal to 12.2 Ω. This mismatch was due entirely to resistance change along the negative analog path, as the positive path resistance changed very little. It is also notable that there was very little difference in the values from part to part and across the eight channels within a part. Degradation of this parameter continued at subsequent dose steps. At 10 krad(Si), this parameter failed for the unbiased parts, averaging 15.5 Ω, and for all practical purposes, the biased parts ceased to function for negative voltages, as the faultfree analog signal range fell below specification. All other parameters remained within specifications for both bias conditions. Parametrics continued to degrade and exhibited no significant recovery during the one week of annealing at room temperature. 
B. Samsung 840 Pro/Solid State Drive (SSD)/Samsung
The 128 GB Samsung 840 Pro solid state drives (SSD) features the vertical-NAND (VNAND) flash. Two SSDs were irradiated with 1.1 MeV gamma rays with the test articles placed inside a Pb/Al filter box to minimize dose enhancement effects. The beam was collimated using lead bricks so that the two VNAND chips were exposed to the source while the other active components on the SSD were shielded. We performed dosimetry to measure the dose behind the shielding. We determined that the total dose at the collimated spots on the SSD drive ranged from approximately 1/18 to 1/3 of the dose at the (unshielded) DUT location. Therefore, degradation from other active components in addition to the VNAND may also play a role in the functional failures of the SSD.
An open source software called "Caine" was used as the diagnostic tool to perform read and write operations to the SSD allowing examination of the Self-Monitoring, Analysis and Reporting Technology (SMART) attributes, which includes a list of reliability parameters for the SSD. The following operation modes were evaluated: powered off, static on, continuous read, and continuous write/read. After initially writing a repeating pattern of AA the parts remained in standby mode throughout irradiation. Various operations were cycled at irradiation down points. The test procedure is as follows:
• Write pattern AA to entire SSD prior to irradiation • Irradiate device with power on (standby mode)
• At irradiation down point, read the entire memory space and capture image a) Perform a second read to examine whether some errors can be cleared • Erase using the quick erase function • Reprogram SSD to inverse checkerboard pattern (55) • Obtain SMART attributes • Irradiate to the next dose step • Repeat from step 3 until device is nonfunctional One part (DUT1) showed functional failure between 17 and 31 krad(Si). The other part (DUT2) showed partial functional failure between 22 and 26 krad(Si). Bit errors from the memory array were not recorded, however the SMART attributes showed increase in sector reallocation at the failure doses, which could be due to bit corruption. Tables V and VI show the SMART attributes for DUT1  and DUT2, respectively. DUT1 showed degradation in the write speed after 31 krad(Si). Also, the SMART attributes from the write operation showed 5 reallocated sectors, and correspondingly, 5 program fails at which point the drive became inaccessible. DUT2 showed degradation in the read speed after irradiation to 26 krad(Si). The read operation revealed 1 reallocated sector and 7 uncorrectable errors before manual stoppage of the read operation due to the slow speed. The drive continued to show read access errors throughout. There were no program or erase fails, unlike DUT1, therefore the two drives showed distinct failure modes. The parts remained nonfunctional after 1 week of biased room temperature annealing and 1 additional week of unbiased annealing at 93 o C. Table VI. SMART attributes for DUT1. 
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